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(Iteccived for piililicationj X6Veml>er 2^3^) 



?Jct^^>vt;*»vvv^:v^ - ^^"-S^'^^ H^;^*■•>^} ^-V- ^ 



juice. The protein was imnfiedSSa-foMwifli a ^ ,j .^^^ ,p .^^^ 

utiltong affimty chromatpsr^iby on intamm B»^phaiose ,he.intesti.ml n,u««al ..unnLranc or whether the pi«senoe of 
asvthe sole piinfic«t«« technique. ^ ^^^^^ *4fiittl8^'»i^;s«-rP^'klUJ8|.'^f it'^<roe»i^6aciiK' Uiicekdli^^ 



was hcmiQ^ieiieoos b^d^^^^^ 



, . ■ . . . ■ |.;\\:ii^thert Vitamin ^^12- is- relriiscnF fhjin IF at.tlie octemal c 

V ' i . * - ^Vi^^ -i^X J ^ ^ surface, ""tncertaintv also exist** us tu 'whether other* gui%tror1 

' mg df 'proteiiif and contiam^ m^sin^e ^tan^ „u:::.;:„ ^ . Wn.^ ;;>i^^:i^iUT; i^^iitfi;:^^ 

The xnoiecqlar wei jtht 




presence of vitamin ll,^h«n«n intouisic factor ^ggregates Jeulfe oi,cmi«t««d in i.«it.tmki.unm.. IF i.^ 
to form duneTs and higher xnolectdar weight oiigom&s. 



'^Ifin^f^a'vilia^ the spec< 

t^^v ' 1^ ^-^icnii nii^^ vitiinain^Bts sh^ 362 nm 

*^ andthe abkdute^absorb^^ at361 nminctreases'by^32$^^ 

V . ; : In jiuiflv aiiiiMals inehuliii^vttiuny the ^stomach ^s\iithesizes ami 



• 



fniiiv '3i6 hidividuals^ ; 
sU^ps^jvw! ill tlioir ptirifiraticMr^^^ ^J"^ I 

; uiiceftaiuty eias^^^ wiiceriiiii^^^^^ 

^ \^ ijmi. V, iXJ^ otiier attempt 1 ) liavc» -been /mi^ l*^fl*^H 
hiiiiiaii IF to i^omcg^neity , liii^ i>r tlies(^ lias been succ^ 
A View n\^H\o^^ of 'affinity 'ofi.n 'has-been 4f ^J't'*'*^ i Jj 

Kgrt^U^aiuountK^Ht^ '"ii^^ .^'^^™^^"'V^ 

XT ' y \^ita.mhi>B<ftatUije levels found m a iiorinal diet * - * r ^i^t-u-h> h^y^{^^^'^'-*^^^ - / • • 

J'- ■ WoTl.e-m^d.a.iii^n. bv whicl^&« enhan^.intestinal vitamin 11,, ;.»Hl%'««^.5^^*jF^^-f^ 





^ The AbbreViatious us!ed~Ai5pMF,*intniisic. factor vitamm Bia- - ^ - ir^ ' i^.Vfi i' ^ ^ ^m'-'^-^ ^^is:^^^^^':!*!^^^ 

bindinis protein ; pseudo.vitfthnn B,=, i.Vadenyl).cobamide cya- proi^erties of human IF isohit^Vl f rcnn ^^stric juiCe using afhmfeyd 



nide. 



projiertiesc 

cliromatography as the sole purification technique. 
36G0 



Ij^Jbbihi ovaJltitiQin^ ^'rabbit .^mi^le phoqihoiyjci^^. ; and 

|!Qbt«une(i' fipnr^l^^ lalipmtpri^ and J^„Q^^I^?Set^ 
l^d^ Kad a specific ai^vity of betn^h ' 10 £^d pcr pg 

^vjtQinin Bis; Pseudo-vitamin Bis was a gift from Dr. Joseph 
Jpaer of *Wayne State Uniyersitj". Saliva was obtained, from , 
^^nonnal volunteer. Other materials were obtained as desi^bed' 
pf^prqyibusly (13--16). : _ ^ ^: 

i r '. - ■ . - 

r^^^^y of Vita^ ^ntaining. [fCoJvitaroin.Bu 

onrere assayed in ^a Fackarcl.Tvscintilliition counter. Solutions of 
nonradioactive crystalliiie vitamin: Bi* dissolved in water were 
assayed by measuring the absorbanee at 361 um and 550 nm. 
Molar extinction coefficients of cm361 = 27,700 and £i cm 550 
, 8,680 were used (16). The values for vitamin Bu concni-.. 
tration always agreed within 5% and the average value was 
U .)^edv The vitamin Bis content of gastric juice w"as assayed by 
the jsptppe:(^ technique of lam et ai, {17)^ ,^ , . , , - 
^^^jA cr>*stalline pseudo- 

{vvijtamin Bis dissdy^ Jn.'watei; were assayed >y. meas^nng the , 
absqrbance'at 361;^iiin. r A mola^^ esktinctipn. coeJficieyit of J?i cm > 
^ (^61 27,5Q0 (18) was empk^. ; : . 

Prsparaiion Fi/<mnf^.,J3ir<Sepftarose-— The pieparatibn and . 
isolation of monocarbo^^-lic acid derivatives of vitamin Bu and 
^ their.covalent attaplimeiit to:3,3fn#iminodiprop>']ainin&^bsti- . 
tuted Seplmroj^, using :l-ethyl^-(37dimethylara 
,dilmid§fHCl were performed as previously described (13)4 ^ 

Assay Jar: Vitamin Bi^j^^ \ 
abiUty .wns of^ycHl'^it-roQni ^t^^ by a modification of 

the charcoal adsorption method of Qottlieb et o/. <19). . Samples 
to be assa>*ed (0.05 to 0.20 ml) were adjusted to a . volume of 2,0 
ml Uaing G.1 m potasaluin phosphate, pH 7.5, iHHiUiining 1 tug 
per ml of bovine serum albumiii and allowed to stand for: 20;min. 
xOne ^ilUUter.X)r(^Co]vit9mjn Bis (1 jig iier ml) was added, and 
ajfter20,nun.2.b ml of.bovm^ albumin-coated charoail.. 

were added to adsorb, unbound C^Cohitamin Bj^. After stand- 
|- jug, for an additional il5 miU| the mixture was centrifugfed at 
20,000 for IQiiiin. . ;Thrcc nuUiliters of the supnfmtant were 
counted.iii a.iPackard 7 scintillation counter. Cono^tmted 
samplesi; wm. diluted }u 0.1. m potasdum .]^o^>hate, -pH 
cont^ning 1 mg.per.ml of bo\ine serum albunun and. allow^ 
t9 i^and fo|[^30min pri^ ajssay. The presence o(;bovine ^ 
jserum albiimin^^^red to reduce the adsorption of ,\it^min\Bit7 
tunding^proto^ low protein ^cohoentra- 

tipns^. The assa»vm§ liaear jfnmi 0.1 to 0.0 ng d vitamin Btr . .\ 
binding ability/ ; . v- .j 
. , ^P^^udo^iomw^ Bn-P^n^ 5f ud£es^rTlie intmction of pseudp- 
y|j^i^ Bi^ with vjitainin.Birbinding proteins^ W9^,a^>;ed,^b^^ , 
m^urii)g, the.ja.Uli^ ,o{; ps^udo> vitamin Bu to block the bidd- 
ing of l^^ojyitamin^is at 4^3AS^ Birbindhig assay's. 
'For^each *prQt<|un ,studk^ a series of test tubes^ was pr^par^ 
: thai contained.. equal ooiicentmtioiis of vitamin Birbinding 
activity (0.4 to 5.9 ng)* One-third of the tubes contained 1,5 
ng of nonradioacti\*e pseudo-vitamin Bis and another third 
contained 1 .5 ng of nonradioactive vitamin Bis. No addition was 
made to the remaining third. After standing fur 30 min, 1.0 




pf^l^C^Jvjtpfmi]^ ^ 

aqtivity in the.^p^ni^^ 

par^^wit^^t^ 
radipactiv€^>itj?^^ . 

na;sQg^|;ric suction f patients !.«ith fiyn^ 
;-j;pei|icidity wfeo. wm-;imdeig9ing^ga8tnc>;|^|i^ 
hostic^pippos^ ,i A lutsogastric tube^fvas jnser^ wdfth^^U^^ 
V end' .wa^^ positioQed in the gastric antrum u^ 
observati(ML.> Patients were a^Jced to ex^ a iasin 

rath^fr than swaOow thw saliva.' After a 60-min basal sample 
. was. 

body w;eight) intramuscuhriy^ gastric iuiGe w^j»Uedted^fw ! 

an additional 90 min. The gastric juice u»nI in this study repre^ - 

sented approximatdy 90%, in terms of volume, of the post- 

Histal(^-stimulated samples. Each sample was kept at 4*^ 
^ aiid thejpH was increased to lOX) with 5i0 x N^OH to reduce: ^ 

pepsiii activity'. Aftar stamfiiig for 10 inin the pH was adjusted 
. to.;7.ft;with 1.0^ HGL. A^ aliquot yms remolded for assaj' ^jof 

Wt^i!PyB|^faiiadiQgr^^ 
; was ^torejj jat/^20% ^ -N^ vitamin Birrbinditig^ ^ 

IF actiyit^c; :was-qoted,^ftei^ storage at :r^20?-foh periods^p^oc.v 

• 2 nio)i^hs.:v.i,,.. ' -Z.^. •<^,,.V»,^v v,^. , J,';: i -'^su v-.-^' ;.v \ 

JPreparaHpnflS Af!^^^ from pernicious anen)|a 

IMtient^. were. scpneened for. .th$ . presence of' antirIF rantibp43ir ; 
using the method of Gottiieb a/. (19). Tn-enty millilitera of 
tantirlF/ antibody >pc^iH^ stng2e;.-patient vcere 

liassed over a 6.,9-^m^ diameter ^y i;0-Gm height eohuhn ,of^vtta* 
riiint JBbs-Seplm flow; rate of . 10 ml ; per ,h0^r, anci 

eluted:>\itlt^b^ 7.5.: .Hie.Qi^tJ^ 

>ml of<;effluent..wiere^brougj:t;i^ 120.^ml uithvOJ^Ii' 

liotassium phospliate^ pH 7 A and TZml of saturated (NH|)^SQ4 • 
were added. Tlie sample was stirred for 10 min and ceutrifuged 
at 20,000 X g for 10 min. Hie pellet was taken up hi 4S ml of 
soliition wiisisting of 5 paits.of O.l.M potassium phosphate,vpE 
:7.5,;ia,ml 3;;^^ :of j^tnrated !^H4)a^K)4 and recen^(ui^ r 
Tli^ fiiiaj i)eUet was dissolved in .45 inl.of 6.1 m potasdumij^hoi^ 
plmte, pH 7.5,«4livided into.5rml'aliquots and stpred at — W** . 
Chrpniatogmphyioii \*itamiii Bi3^pharose:.and (NH4)iS04 frac-. . 
tioiiation re^ulte^iin the rrnun^ of greater than ?9.9%^nhe. 
imtis^l;,vitai^^ ng per ml) from, the/ 

^sfjiTUUiv ^'Thc:,rec<>\:^'* of ,.anti:.lF..antibodyi. was apprbxir 
mat^W%. ; ^V'^'^ •'^••>''' ^^^^;•■v:^: ' 

n^ifn va:^l|^ted.^^)pk of .nori^ human gasti^c^^ iiiiceVx^nV - 
taimoi; 0 iS ug:6f > vi^miii Birbinding activity^ was^as^yed in^ the \, . 
pre;senc^^of 1.2^^|d^^^^^ of aiiti-IF antibody^ 

vitaniin Bx^Jbijudiii^iWiyit^: .d^|^ ta 0,4 ng, : ViTieif, -lOft, 
jd .of ^tf itibpdy^jviere pres^it, vitamin . Bis-binding activity 
reduo^ to l^.tJhLan 0.004. ng. When companibl^ amounts, of v 
trao^C!^b»M}in. ]|i^(l^)r^]a^ vitanm JJirbiii4in&^^ 

prQteia;'<}4)»^}iud>liMmau'J^ foT!vitamiii:'B^r;i 
bindi»K activity, ,!iti«inbibitiqn \(as> pl^ervediin the pi^ace..of 
h2Jjto :J06 jt4x>f Jaut^ : V' - ; r -''c^k-J 

Jn. Viliyp^ 4s?QyyJpryt]^M were as6a>-ed in. 

duplicate for vitarnin Birbinding ability as described above. 
Flft>* niicroUters of anti-IF antibody were added to one of the 
dupUcate tubes at the begimiing of the 20-min incubation period 
prior to the addition of pCoKitamin Bis. The percentage de- 





t^prbmpte' 

t he ,unii;Vry a j^rbed (^^Ccfly itamin ^ Bi;. )ib- ' 
' . ■*iirpn6i?^of'^[^C6)vi assayed fev'riieasjiniig>:the 




caelt Scliitiiiig test dembi^tinted that less than 012% of the oral 
*lose *»f [^'(''ojvitanun Bu was behig excreted m the urine at this 
tinio. . . , . 

WJieii Si^'hilhng tests a^e'ii^rfd u1th 0.5ii^ bf radiitractive 
, vitajitir. Bii, actrraal iudi\7duab e>:er^ 15^ «f tJie 

iiiigestod rachoactivity in . theit uriiie during the firr?t |24 hours. 
Vationts \ntiriie 



wei^t.and >nob£Uty..u^ 

•squares/..';', 't^'-^ ■ v.jf-'V-- ^^^.^^jli^J?" 

imnr te^^ -in at «Cai^^l5 ^i«(si^^ 

' Gdvietties w^th l^cnv Ii|g|it';|Kit!i ;W 
' detinroinaiioiis.. ,H \ ' '"'S' ' '^^i 

J^Mecu^^ Weight Deierjihinc^ FillrafioTfrrlSteimM 
liiar^vra^tpf hw 

limi) qi^ S^hade^^^^ ^qiiiGbratediat 4^^ 

^ta^iuin pho^^^ pH 7:5, ooiit^dhing 075 m NaCl;; ^ 
in a A*olunie of nd^qf^iequiho^ 
blue, dextfa'n, :tbp; iif 'the 
X^aUbratipii \br^ 

we@iti vrh^ lieifdrined; a^ d^sqibed (HX'i^^ 

calibraubii \vas in tenns^of log niolecular wd^t ««r8ti«^ V^«/l^ 
where is the iieak olution volume of a protein and Fo is thej 
peak elution volume of blue dextran. 

SedimientaliffniEquUib^ molecul^m^vwd^tiof J^u^ 
IF measured bj^ the ma^iscus depletion equifibrium linE^^ 
(27).:uj^g idtraVirfet optica^J^^^ 




[ill T.p^^ntaiiung ^ - > • 
' ' Miv rfiiorf^t^fbj^e dialysis tubiiig diUlyxed' iii'GlO-mrpfeti 
test tul)es against 4.4 ml of 0.1 M {lotassium phosphate, pll 7.5, 





perform^l in .0.9p m i>otassi,um phosplmte, pif 5^?^^^PS^ 




. .„,.. ,.,......;. pixrsout. . Ihf cpnceittratibii .„„ 

liiiuiti-^ivluuiKm^ IF (luuiui^ IF-Bi^) wis >lotcniiinc^ sub^ • ^ 
titietiug tire' concentration of vitanun Bis in the dialy^^atc (Bu) 
^. from tht* total eoncent rat ion of vitamin Bi^in the dialysii! tubing. 
*^'¥he"\feoa^^^^ constant, * is deBiiecl ras /iTi ; 
1F-B,2)7(I\,;) (hinimn IF) an4 was calrftlatiMl by t niethotl .of ^ " 
Steck and Wailaeiv (23) :by'^plotting 1 /(Innaan IF-Bis) wsiis 

;^^-v(Bii)/j:'';:;; v. : - -7 :■ ■ ; . - 

;'\ Proteih Asm^y^ a:<si\^jl on^ ssunples JHevpid^ <if ' 

Vitamiiv Bis by tiie metiiod ofi:Waibuifg'arid^^t^^ (24) witich ' 



*. ' oniplny's measurements of .4^ sn^d A^o. 



coneentniti 



. iyjjunHKultmfi^^ ixiuipj^l vkith-^i IJuinb-i'^I-lO itiembninG. 

subjectied to disc gel elcetr6p})^re^s atpR9i^ using th!|^ 
•;7'C^ analytical systenVr(23i);V3 Protw^ samples Ain* \v|iter: were- 
' a'djUritet!? t6>^ontain 0.003 ^rj^^tassduni x|)hosi>hat?r, pft 7,5,^ :0.05 
'M*'XaCl, aiid lO^i sucrase iii'a wlume ofO.fB mhaud-wre lay- 
"n^red'omtop of the gels; Electrophoresis it'as j)erformed'at^'4*': 
•. 'Gel< \yc^ Stained for prnteiiv^ritli Cooniassaeibrilliant^^^^ ' 

iS6^iwm v/)orfctJ/y Sulfate '-Oj^/Elertwiii^^ 
- adjusfel 16 iHjntaifi 3^^. k)diuiiv*dbdecyl^iiilf^U»i'^6 m 
^ sodiuni^jhospliate, pM 7.4, and 1 % 2*mercap.toetl^^^ s 
immediately heated for 2 niuiu in a bpijing ivxtterifaajthf $kxtium 
dodecyl sulfate |H>]yacr>-lamide gel electrophoresis, staimng, and 
destainhig procedures \i*ere |)erformed as described by Baensiger 
et o/. (26). Apparent molecular weights wre determined by 
measuring the mobilities of the following proteins of known 



^l^pl^!i^iud^ 

jiluitej .pli>7^5^\^^^^ dialyze<r against this; sotutidu; for ^48- houH^^^^ 
^t22?%^.F^;' '~v^^^^- 

imt>io^4c{dvlno/j/«i8— l^fotoin solutions in distilled livnter wene , 
lyophitifc^and .sampli^ (0.3 to O.&^mg) were hydro^'xed at- 
lOlSf f6i^3a:iippf=^:Sn HCrin';^cd evaeuatod tiib^l 

Amino, acid and':^! sugar; ^ludyscsvAveir^ iii^rfQ^^^ 
Beckiiuiin^mo(M t120iCV amnio acid j analyse, J.i !Hie i amount; 
vitamin 'B,^ pi^eseiit wa:^ determined^ by: assay of radioactivit^v 
in tiie/hy<lrolys:ites.\ was^rdetermined^ as,- «irboK5s| 

■inethylcv.<teiiift.\ /Aletliioiiiiie/-. \vas deteririinod - after \ perfpnnipl 
acid (iLNidaitfon , (30) . > iToiitoplyinf Mas estimated by the methcKi| 
orEdclhc^ji^i^^^^ 
.meth0d;:ofT^ 

iKirlntinutc mctlKMl^of 1^V:rpii^(33> 
for 'UminA^t lOQ^vcXcuteal iind amino;^ugar§;^:eie;a^ 
ga^^-liquid? chromutograph^;^ ue^^^^ 

except- 'for t lie^^ f ollouing- ^mri^ifica tioas;^ ^ (a) - Arabini^l ^ and^^ 
m2niuilQl^u*ere.;U3fcd as] Jntenl^K* standards; rX^)>.Ji3!4ro|>^ ri^^ 
0.5:m inethanoliivHC2 ior, 4,:hQurs,a.t €5? was^etj^p^pyf^ f<^^fiioo^| 
deteri^jhiaiioius;.b 

for. .2 (fibut^rat- 120" folln\Vj?fl' l>y|hydiT>lysis^1ib 2,^ 
IIC-I ,Siir, 4^bours. at 100? \y{t?syeinployed.*for\.nminp, j^|^rri^^a| 
neu t ml ^hexosei determinafiou'sj^: Amiiip Sf^gpii^f ;aL^id .^,Udic^^| 
were assumed to be present in the A'-acetyi'fomi'Wheii tlie tot 
wTight of c:irlM»hydrate ]ier mole of bound vitamin Bi* wa^ 
calculated. 

Preparation of Carboxtpnefhylated Protein — Protein samid^ 




A^m^ted to 



ti^ihihg Athese sampler wei^/ fliii^hl^ tiitli Nt, cappjed, and 
^cubqtted at 40**. After 8 hours 0;4 ml of 1.0 if iodoacetemide 
ij^pg 7.5 M guanidine H<aJ^ 

waB added. . The measuned^^y^ Afjter stand- 

^§ for 20 miiriii thei dark^: 0i)5 ml jpf 2-mercaptoethanol was 
^ci^led and the samples were dialyzed a^inst 6.0 liters of distilled 
twaier for 72 hours with changes at 4, 24, and 48 hours. The 
Jbxtent^ of carboxymethylation was monitored by amino acid 
l^analyses.^' ■ 'V"** " , ■ ^ 

^: :v Purifioation: oj Human IF— The startuig matierial consisted of 
|v330p ml of gastric juice obtained b>: pmling collections fronv H 
v^iffer^rit; people, Individual samples^ianged: fronv 150 to 550 
lifU iiv:v<)lume; ;^^ 0? Mg: of total vitamin B^s-biuding 

activity, and frbnV 89 to 100%, in term^ of perceiitag^.of inhibi- 
tion of vitaniiii Bis^binding activity fay ahti-IF antibody. The 
" 3300 ml of pooled gastric juice contained 291 |ig of vitamin 
Birbiuding activity, and 96% of this activity- was inhibited by 
anti-IF antibody. Less than 1 /ig off endogenou3 vitamin 
"was present. AH procedures were perf6rmed at 4° 
• Three;Mndre<i and thirty milliliters of 1.0 ai Tris-acetate, 
: pH 9.2i ('/.were^ added to the 3300 ml of pooled, gastnc juice and 
the solutipn was filtered wiUi vac^ suction through Celite 



l^l'in a^Bu.^ier funnel containing a coa^ scintered glas&iiise to 
^/^eduoB'ihe viscosity of the sample. The CeUte wiis subseq^ 

washed with 3(K) ml of O.Km tris-acetote^^ 
I of combined filtrated were obtained. This was,, immediately sul>- 
jected to aflimty chromatography oh a column, 2.6 cm in diame- 
tier and 3.5 cm tall, of vitamin BirSepharosc which , eontainecl 
4.1 mg of covalemly bound vitamin Biv The' column was 
washed with lOQ ml pf 0.1 m Tris-accftate, pH 9«2, inmiedktely 
prior ^to,^^^^ Th)^ .sample wi^\appHcd^^|biy 

^ gravity ;a,ti jt,pi(?!ss«j^: of ,150 cm of TTie Jlow. rate was. 
430 ml iierihour/* ; After the entire sample had passed on to the' 
column,' the ralumn was v^-aslied with 100 ml of 0.1,M .Tri.s- 
acetate, pll 9.2. Tl)e fiist 3850 ml of'effiuent were coUected hi 
their cntiijpty,. j;h^ was thet^ eluted with: ,(a) 2Q0PAmL 

vf^vv si'.^-' V r . . ^ -^v.. , ^^-•■'j::^ 




pr 0)KM^gfe»5JaO ^n|i 
lOM^aq 

7.5. rt^xe thi^ :elution sol^i^idii ;c£^pi|^^ 
phosphate^pli; 7.5^HQ^^ #: J^imni 

10 ml of thiS".sbludoiivJmd passed through the cold ftowrivas ' 
stopped. After 1 hour, an 'additibiMV 24 nil eluate' iviere ^ 
co^l^i^, :Ppoled with the' first 10 • 
34^:^ Flow was stopped again- and aft^i^;^^^^^ 
24 .ml of eluata. w-ere collected and-d^gnaJ^ ^ 
The starting material,^ initial column' eQuent, and^each column- ' 
eluate were assay^ for vitamin Bi»-bihdj|ng activ%, IF activit^^' ' 
aad'protebi content Tile results are presented in Tuble 

^ Elt^te 3a was dialyxed against 250 ml pf 0.1 ii potassium pho^- 
])hatj^f pH 7:^ containing. 7.5 m guanidine >il€l fo¥'48 hou.-^ afc ^ i 
ro^nvtempeiatiue. After dial3*sis, 1044iMg of I^GbJvitamin Biar ■ 
^*ere'adde^:and t^^ sample was dialyxedfut 4® agaiiVst 730 Kters^^ 
oC.d]st01(^;waterJprf72 Kours^uith changes at 24 and 48 lioursl 
Greater^ than . 99%v.of ^unlioihid vitamin is removed 'under v 
tliese* conditions;. ' .^.v" ■ ^ j-v • ''^^^ 

The final preparation of human IF was stored at —20**. All 
of the e^riments presented below were performed \iith this 
preparationj-'t. ^ ^. • . 

: 'PunfiiariQn of Hwhan /F— Th€;iyreeaud6ns-^^ the'! * 

edUectioii ^af gastric juioe are important since they hmit cOiitaini- 
nation^^^fvitfa 's^^ and intestinal juice, alt ^tee ^ ; 

pf whidi^cotttain ^gni^ vitaniin B^bihding^^ 

protein that: laiek IF bcfiwty: ' iM'f; . pi.^ ' ' . ^ r... : 

, Eluate Safrbni vitaniin Bi^phaiioseiaffinity.c^^ 
was clialyzeti against 10 volumes of 7.5 u guanidine flCl, 
6:4 >M iixitassium phdspimte/ pH 7;5^ Tov' 48 hours prior 'to> the 
addition of -vitamin Bn (see Tables 1);^ Tliis dialysis ^resultedr 
in a decft^asi^ in t^^ at 260 uni mifl^ji^^^^ 

this*res^lted/in a deci^^ aniount t>f totalfprpt^n a^^yed^ 
sinoevthe niethod : us^' to^ assay |irotciii depencb- on ^ the>«^4wo: ^ 
liaranieters. 'No significaiit duuige iii Vitamin B*irbiudi»g;ac-' 
tivity was bl>scrved: Tlie uaturie of the apparent low molec(uIar 
nuterial with absorpticm at 260 nm and 280 imi removed 
bydiaI>>isis'iinktiowt). , ;yitannn Bi9af^y8<t7):\Tere]Wrf6M^^^^^ 



Affinity chmmcitogmphy -of htunau intripsip factor 



Htm 



h \ Fillrate^of Kumaii'ga^ applied to vitamin 'Bis- 

Tnitit^ Vitai&irBiS^ effliieiit, 'M . ! ; : i iyt:-, 

f :Fhirfheri&luiions of Vitamin Bii-Se|^uirose ' * ^ . ^ - 
^ il, 0: 1 M rglyciae*NAOH|;cpH 10,0, 6. 1% gIucose,>l .0 

2. Oil u potassium phosphate, pH 7,5. :\ . . . . 
::"3L:.»0.J;:a| potassium phpspHate, pH 7^.7.5 M;guani^^ 

-<a,^ untial.eluate^ . . . . , , . . . r .v . . . 

. b.,£Iuted.l8:npurs after 3».\ .... . J. . ; 

^liate;^^L-^;^^ 

[ 1. After difl^is^a^nst 0.1 m potai^um phosphatei^ 

pH 7.5;^7.^#gu^id^ HCI.\ t , . . 

2. After the addition of 1044 |ig of vitamin Bu fol- 
lowed by dialysis against 



Volume 



3,750, 
3,^50^ 

^2;000- 
212 



27:5 



43.8 



'Vitnmm'BR-lnndtnc t^ity ' 



mg/ml 



Mti mg 



6,99Q i; 
40- 



8,720 
5,670 



■7^a?l' ^i . 290,000 

•5.80 1 11,600 
QM ^-136^ 



241^O0Ot.- 



240,ii6o 
248,000- 



%IF 
96.1 

99.2 
'^lOOO^ 

'r. 99^5 
>,^56:0> 



98.0 













, mg/ml 






2.01 


7^640^ 


; 130/' 


i:84 


7,080 ^ 
















0.007 


. ii 


■,■-200.'- 


0.002 


0.4 • 


100' ' 








p. 259- 


.8.94; 




0.921 


.0.50 


0.300 


8.25 




0.190 


8.25 





' Based on vitamin Bit content. 



Taiilk II 
Pu rijicai ion of hum a n in Irinsic f tidor 



Volume' 



Huhian gastric juii'c ... 

Affinity chronuuography on vitamin Bi;-Sepharose. 



43.8 



Vitaminr Bit binding J . 
activity^ ' j 



Protetti 



Sp«ci6c 
activity 



05.9 



ms . 
8.25 



bouMd/mg 
protein 

' 0.0353 

1, 30; 1 



l.(>8 



Fold; 

purified 



1 

853. 



^^ieW;^ 



854 



Ba^ed on viiamin B12 con tent. 



Tahlk III 



, Si hilling Icitis performed in'th a patient with pernicious anemia 



'A'itamin 



4Ul ^ 
501 



.protcm ihficsled 



None 

S fig human IF 
20 -Mg luiman IK 



Urine collected for 24 hours following 
the ingestion of l>'Cb}vitamin Bt: 



A'olume 

ml 

141)0 
. 1490 
H>75 



I f^Col Vitamin • 
< Bi; content 



44 
114 



*7 iiigrstid 
amount 

. 1.4 
■ S-8 
22.8 



biiuling ))rolein (14), siiu-e ftir^therfe. two proteins, the pr^ii^e^' 
of vitamin His requirW during the rempvaLpf , guanid^ 
Older* to achieve compiete restoration of vitamin BirbmdingMf 

:aHUtv^ ^^ : : ' 

; SchilHng TVfi/s^rT^he ;re??ults of tlie Schilling tests are pre? J? 
scnted in Table III, and they eiemonstratjc. that 20 Mg of the fiiialS i 
pre]xirution of human IF aiv able to ebrreci vitannii B^rmalat" 
sor|)tion in a piitient with jieniicious anemia. 

fnteraction with Pseudo-vitamin Biz — Sami>les of human IF, 
tninscobalamin 11 (15), and Imnian saliva' weit; utilized to A^dv 
the ability of ps^eudo-vitamiji Bi- to btoek vitamin Bu biiraiiig-| 
at 4°?>lTie re.*iults!^ 6f f liese e^)erinienis are pre.sented in 
ly aiul siij^test that human IF has a lower affiiiity for ps^dq^^^^ 
oil KJuato 3ii and i-evea led values of less than 6.06 /ig of vitamin • ^vit:iniin; iii3 rc^^^^ native ' >itamin . BiiJ^t^ 

lii^lHTinl ; Th^ that the lowjtfojwular^/^ j^jthvary^^vita^^ ji.iqrlMiwIjii^^ 

: Vvright inatcriai prcsjcnt was ^vitamin Hi- tlwt-Iiad Ixvir liyclni^ ol^ervS 
iyzed from vithmin Bi2-S?e|)harose, \ ' 37) aiul suggests, tjiat tnirrfi^ 

Human IF has been imrifiwl S53-fold with a yield of {$5.2% as^ of significant rontamiuat^ vitmniiV; BS^biiiVdiiii^^^ 

;.^unun:H'i2nl in Table 11^^ One milligram of. protein bin^ls 30.1 -prptein.^,.^^, . v. f ij^. . . ' , * - , ■ 

Mg of: vikmin BisTlias an J^so of 1.44, an^^bsi ofV0.S6, ami a J^oiuqcrjilmmdv t^sc Gd^ 

ratioof ^i2so:^36i<>f .l.6S, The fiaal preparation of Imman IF is vitamin Uli,^ 25 jug of luniian IF n«W!C,ou, jijle^itrpphqrp^^ja^m i^;; 

single inaioivpi'Otein, Iwnd. ^ Close iit'fp^tiou of tlie >gel ((?^Z 
•'Fig.; 1 ) ijp'yralei I that a: fa.stor nioying, ^ mini >i%^i>ii^Jein<])attd : to.^ 
a ls<) prp^nt , Tlie/ m in< »r 1 la nd .was 1 u ►t V)l ).«eryd(l '^>\^ien.;;t Ijc, prpy.* ; ^ 
: t ein : siiiuplc 1 tx»i it ainiHl , vit aniin B 12 (Gels B ai u I CJ, ,Figj 1 ) ; The* 
nature of the minor prtitein Iwiid, which also was observed in a 



" hojntigeiiebus liiis^^d on polyaciylamide ger elect mphoivsis iuid 
' si'i li nun i f a f it tii ' ; ef 1 lii lijiri um ult ra ceiUrif ugiit jolu 'Studies eiii- 
. ipioying;iiiti-|F antibnily intlicate that at least OS^iVif tlie vita-*' 

mill Hi-biiuliiig :u'tivity present in the final material is attributa-. 

b!t» to IF. ' 




i\m t ainiiig 7 lo M guaniUii le i I CI wi t h dialysAte t'lmhges at 24 : ^. .WieVi * atV e.xee.'s'i of . vit a inin » B « was padded ^t o .25 jiig . oMiuman^i^^^ 
iind 48 hpur^^ -riun'm^ IF devoifl of vitamiiV IV12 ^n^l^ stored ''/l^'p niin ;l)efori? eleetnipboresis, a^shigle iwjiiorjptH)teiir )^^^ 
V:jM this suaiUd^^ solution at 4° format least 2 numths \\ithout^^ ^^^^^^^^ faiiit |mn<?iii^ Iwiuj^ 

any losi of vib mi n Bit-binding activity. The * ' ' ' ' — - • ^ 

a i« I n»| )laiV vitamin Bit was nsctl tf> increiise t he stiecifii*^ activity 
^■^lif ptNifviRiii^^ to human iF;^» tliatj^tudic^kith' as 



;gel filtjatjo^^ with snVall quantities ofvprd- 

'-"l E^vtiWtmi^^^ fF^Tlw jn-eseneeW}/ - vitaniiiv B12 is : i 



visiializcf I in the.,upi>e^r rt^oii of the gel {GieliB^^ Figj; 1 ).V-Tiy^i ^ 
ini^jipr hinds wcr^; more nuyjeroiis tiiul :proinijient.((7e^.<?,,f'ig;>l);y 
wlien tliei'Sipnple: con'si^teyl .of ,25vpg. of^.hunian ;iF ,tli|it%id; b^ejii;^ 
sa<iiraitecl%^th: vitum B12 for, 72 hhurs*pnor/.t6;f lect r 
The:; fact that the.s^;lKUuls become close together:. as one ap^;;^ 
prwich9s,;.ijmvtop of\r^^ 





* an'*iViiquot'>^^^ M ]WtA:^iiinv plib^^^^^ 

I i H T.Oj ;nm alssayecl - f or vitamin B ]i^-bitld^ng activity iisiii^ the 
channxd adsoi|)tion methwL The ability to achieve es.<entially 
complete renatxiration of huimui IF in the absence of vitamin 
Bu stands in contrast to our olisenations with human trans- 
cobi^Uimin II (15) and the human granulocyte vitamin B12 



riipn;ultracentrifug;iti(»n (^ei\l)elow)-:-v ..^^ -Vtv V;< ^'^^^^'^isCtVi* ■ W 

J/o/cr<'/'?i^.W ^^ighfilJeterjnv^^^ Sedimeniafion 'M.Q^m^J^!^c^?^ 
AVJieii J hunwiV'"f li^i yitamin . lUn I wii^ kiiirKodiby |s«li-^^ 
mentii tion 'equilibmunv; 11 Itraceiil rifiigatioj^^^^ strnigh t'^jliue ) was 
'o!iseh-^U:lic|r:jlnI;l'2Ho'\yas pl^ttc^ rcr5ws-fi^-(Fi^ 
the'iirfrtidr\4i#S^ (if 0.721. calculated frnrtvf tlie -anuria 

acid and carlwhydrate analy.ses (>ee Mow) a molecular weight 
of 47,700 was obtained for liuman IF under these conditions. 

Wlien a sample of human IF saturate*! with vitamin Bis was 
studied by sedimentation equilibrium ultracentiifugation under 



^ ^^^^^^^^^ psmdo-vilaTnin Bj j ^ith hutna n vitamin Bit-hinding proteins 



Iton 



^fimaii IF. 
iiimaii IF. 

^;;:^iimah IF. 



H» transcobalamin II. 
rll^fihian: II. 
' ttuinan t ranscobal am i li IV. 

j^ufpan saliva. 
Human saliva. . . 
Human saliva. . . 



Non radioactive cbrnjiound presen t iiuring 
jO^min preincubation . 



" Nolie " ^ ■ ' 

1500 pg pseudorvitamin Bn 
IdOO' pg vitamin Bit 

None 

ISOOjpg pseudo^itamin Bri 
l£K)p^pg vitamin Bi J . 

N<>ne 

1500? pg pseiido- vitamin Bi* 
,150p;pg vitamin Bn. i 



(•rCoIVitamin B« bound at dififerent time periods fpUowtog'the xMidiUpnlor 



0.4 rain 



PS 

^148 
95 
0 



102 

- Or 
: 0 



fx? ■ 




-to 



1.0 min 



Pg 

im 

127 
1 

170 

.0 

2i2fl' 
• 0^ 
0 ' 



2.0 min 



221 
168 
1 

221 
U 

312 

0 . 
0 



5.0 min 



m 

291 

1 

204 
15 

417 
0 
0 



.30 min 



Pi-. 
550 
.477 
9 

381 

35 

: 7: 

524' 
0 
6 



2hr 



537 
16 

441 

502 

- '.2; 



22 br 



pg 

613 
694 
60 

413 
125 

■ 41- 

539 

^ 7- 
6 



100 0 
'81 
100 6 

9.^ 



100.0 
i.a 
i;o 



HUMAN IF 




~B. HUMAN IF -100% Bq 



51.5 



, vi - \^ Fig. 2. Sedimentation* eiciuilibrium 'ul traeentrif ugatidn Studies f 
ji. human IF in the absence and presence of vitamin Bit. lExfwri- 
, {hientS' were perfonned in 0.05 m potassium phoBphat«, ?gH 7.5/ 
; contaitiing 0.75 M NaCl. Protein samples devoid orvitaihin Bij 
' . . . . ^ were.renaturedifromgi^^^^^ 

Fin 1 Pni..a.nx.i r«M A- ? 1 i u . riL / mentioned for 72 hours at 4*. Protein samples saturated 

thJ IhJ* ^«^>^*^^y^*^''^'-*^^^»^?^eel eleetrophcreais of humr.n IF in with, vitamin B,, ^erc renatured in the same wav except that 
. the absenc^nd^^^ ,Protem samples devoid^ excess vitamin "BV^^w^^^ 

M vitmni9,Bir»«re^ieriatured from gUamdirrc by. d^^ 



re was just eniergmg from tHe WttonrS W m The pkft*<)f Inl^aio 

\ . ^ ;^ ' ■ ^^^-f^^ ^'"wa^ linear. Using Ylie^^^^^ specifics \^unV^ of W2l inible^^^ - 

. ' ' ^^^^^ V v:..:frv:i/..v.5V.'(c,v . jar we^^ht of 45,200 wis* obtained, indicating ^thit §^^ 

ure (Eig;;2 



* .6- ciiiiiiuj^wiui iiiuieuumr weignu TOicuiations,' values - -^acid an^f cat-bohydrfite^ pefr* mdle 6f bowitf ^Vitamiii^^B^^^^^^ This 

ranging from 55,000 to 85,000 were obtained. 'These values value is close to . the nionomeric molecular weight Value of 
indicate that human IF existed as a mixture of monomers and 45.200 to 47,700 obtained for human IF by sedimentation equi- 
higher molecular weight oligomers under the conditions of this librium ultracentrifugation and indicates that the protein con- 
experiment. tains a single vitamin Bi^binding site. 




Item. 



Amino acid 
' Lysine 
- Hiatidinc. . 
i4 Arginine ^ . 

■ Threonine. : 

/ illiitnmirand. 

Alanine 
Valine . 
iHoleiicine . 
• UeuVino, .: 



per^inole-of' 

bound 
vitamin Bis 




20 
5 
0 
38 
24 

:u) 

35 
22 
20 
23 
22 
22 

:34 



Amino acid 

Tyrosine.. . / 

Phenylalanine.. 
; Methionine' 

Half-cystiner-t-.'*... 

Tryptophan . 
i Carbohydrate 
; Fiicbse ' V- 
; * pallic t ose . . . «r' . 
. 'Manjiiise^^: . J/. ; 
'■ ( lalttc&samine *: .* 



(tltu^onamine. 
Sialic ai'id. . . 



.Residues^per . 
mole ^fibbund 
vitamin' Bis 



i 



8:o 



0 
10 

0* 



i ^0 

t 



-.7 

0 (4)'' 
3' 



?12:p 



■S 

I 



8.0 



4.0 



^ l>Pterminpd as methionine eulfouc after ^)erformie, acid, oxi- j 

dation. • . * . . ^ • . i • . . -V.i^ /sir / 

- Mi)elermined as carboxymethyloysteine., ^c|mrale quantita::^ 
tion as cys.teic acid was not possible since ti inhydrin -positive nia: 
terial was ^present in the cyst eic acid position in the absence of 
performic acid oxidation; ? * \ t1' 

« Determined spectrophotometrically. ' " 'I. 
" '' Values in parentheses were Jetehnincd usi' g the rtniino acid 

analyzer. ^ 

« Determined by the thiobai-b it urate: methqd.v' * - . ^ 





to 



2.5, 




59; 



'.2 



1,5 . ■ 2j0 

' :,:V\ ' '^ iJ'\^^/y^ 

Fig. 3.' tiel filtVatipn stiidies of ^humari IF iW tile al^B^nce ^aiii?^ 
. prese hce of vitamin fi i ». Experiments were performed at ^1 - ^'''8 
a column (2.0 X 95 cm) of Berihadek G-lW.equilibratediwith OiOS 

- M potassium phosphate; pH 7:5; cbnt'airiingOJS k Na^^^^ 
samples were prepared as described in the iegeiid for Eijg: 2. " 
the amnple applied to ' the ' cohimn vcontained 16 fig of himian IF 

y devoid* of vitamin Bu. Fractions were assayed for vitaminlBii- 

- binding activity. The amount of: vitamin Bit-binding lactiyity 
' the amount! applied. A'tnolecuiarr \^ight 

;for human IF based on the^elution posU^^ 
peak of vit?imin. Bis-binfJihg itctivjty ' fi: 

,ier ihoie);>gg«,tiug that tl^6?cy«teu.e ...idues present in thi.^v jS'fe^^^^KSljilt^.li lfirtt^^'B^"fS'^^ 

protem are mvolved m difiulfide;bonds. vitamin Bi 2 content based <m measurements of radioactivity. 

Molecular Weight Deiemiinaiumby Gel Fii^o/ton— When 16 Mg The amount of radioactivity recovered from the eolunm was 75% 

of human lF devoid of vitamin )i 12 were applied to, a caUBrated .o tjie amount.applied. .,Molecular;weight8 of 06,000, 4^,PPp;iand 

feoliinm (2.0 ^ 95 cm) of Seph^ex G-1^, a single symmiHrical ; 2ip^)W wiere ob^ f<>^j»»n»«J\:?J?^>^ 

\ ; pc^k of^vitamui B,rbm^^^ ^^^^^^.^^^^ V:.;.;. r T. .fcj 

' ^ witK:airapiMit^^^^^^^ of 6!S,6G0. This ;\^iie is ^ 

si^pnificanUy grea the niolecular weig^it v^alues of |4,2(K). 





iiii *were appJi^^ to the satne^*Sephadex 6450 a)lumn;^^^ 
' peak^ of radioactivity 
peaks' that 'eluted wii 

^. of ffunwnlF. ' . . , 

' an ai>pirent'm^^^ wei^?^5lf' 5fip;00d' r^^^ (Fig. 5)* ; This:>Td^^^ 

feiiham^rs bt Kunian IF, siHc^' rftblefeulif 'wright values) above * by.^el titration abpye) aBd^^ggest^^ 

260,006 are relatively inaccurate on Sephadex G-160. ' ' sists of a single polypeptide chain. The vdue of 59,000 is prote - 

When 17 Mg of human IF containing 0.62 of ("Cojvitamin ably a falsely elevated estimate as lias been reported for othier 

Bw in 0.6 ml of Sephadex G-160 buffer were incubated at room glycoproteins studied by sodium dodecyl sulfate polyacryU 

temperature for 8 houre prior to application to Sephadex G-150, amide gel electrophoresis (14, 35, 39, 40). 



Moaobo- 



f 50,000 

5 



|;2^c)op 



10,000 




5,0 



10.0 



15.0 



20.0 



Mobility (cm:) 



Via: 6.* Determination of the upi>arent jnolecular Weight'^of 
luiinnn IF by sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis. The proteins used as standards were: a, /J-galacto- 
siduse; 6, phosphorylase A; r, bovine serum albumin; oval- 
bumin; und c, niyoglbbin; X indicaties the mobility observed 
with ao of biiniail IF tind indicates an apparent molcculur 
;>l^eighUi>^5!»,m,^..;:;^ ^ ; - . v \ / ' 
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300 



400 
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;;Fio. 0. Determihat'idn' of* the ass6cidt ion cons taiit/ A'^, for 
human IF and vitamm Bti using equilibrium Tdialysis at 4? in 0 \ 
, ^i\pptassium phosphate, pll 7.5. ] : , , ■ . 

-'l««acta/w)n Constant for Human and Fi/ojHtn Bis— The 
dattt obtained from the cquihbriurti dialysis experimcrits are- 
^presented in Fig.= 6. The value of is X :10rV>.MTi obtained for 
the association <ionstatttrA-kv for huinan IF and ivitahiiri -Bi#ls 
similar to the value of 0.38 X IQi"* Mri obtained by McGuigkn 
(41) under rfniillir^coiiditiom u^ y 
' Absorption :spectra--Tti6 spectnnn of the human IF-vitatnin^ 
hit complex together with the spectra of the same^eoucentratibn - 
of unbourrd vitanriin Bia krid the same eoncentratioA of huinkn 
IF devoid' of A^itaniiin Bi2 iarc prcsenfed in Fig. 7: v When vifc; f 
fnin B]3 buids to human IF the spectral maximum for vitamin 
B 12 shifts froin 361 nm to 362 nm. ) { 
* >Fig. 7 aL^o' indicates'' tl&t the absorption of' the hiittian IF- 
vitnmin ;Bi2 pomplfiY fthnvf! 320 nm is generally: "greatortlmn thd 
sum of the absorpUoii of^'uiibound ;vitamln'Bii and huinan IF 
devoid of vitamin Bia'wheh the absorption of the latter two are 
measured at the same concentration as that of the human IP- 
vitamin Bi2 complex. The absorption of the human IF-vitamin 
Bis complex appears to be less tlian the sum of the absorption of 
its individual comnonentj* from 2fM) nm to 290 nm. 




^ ■ I !0_ - 20 • • 46- ' 

Fi o. . 8 Coinparisori of the Ml nm absorption ,of .^itaniin Bi s ^ 
hound to human IF with thaUif 'unbbuf^^^^^ Aliquots 
of 25 /il of a solution of vitamin Bu (153 Mg peV ml) in buifer (0.05 
M potassium phosplmtc, pH 7.5, containing 0.75 m NaCl} were 
added serially at 5-min intervals to two cuvettes. The first 
cuvette contained 714 pf iuman IFodeyoid.of vitamin Bn in 
0.0 ml ;of buffer. The second cuvette buffer 
alone*. Viilues^or A ^t[ jfeere bbtained'f of each* cuvette' 4 liiiih after ' 
eaitili 'addition of vitamin* Bli. Values for the cumulative change 
in A sh were corrected to a volume of 1.0 ml and were plotted veraus 
the total amount of yitamin'B It present, lvalues, oj^tainjed for 
the cuvette containing ^14^ /ig ^pf , humah IFj; 6 , valucs,;obtaincd 

Jor^the cuvette containing buffer alone^ The of^oto indi&te^ the 
amoiinf •o^ vlttoin Bn required to saturate 714 ^g of hwftaii TF ^ 

'bascd^on 1ts< vitainin :Bi a-binMing* capacity *of< Sbst ^ |)6r*rrig.^^ 

^ The amount ofH'itairilh 

It*-vitdiftin B]2 ^oriii^)lex used to' obtciiti the -^ectrunnL^ |)re.*nted ^ i 
itftFig'"^! was- deteMlhcci -'lij^^^ the-^wnc^ntratidh* of^r ' 

[^GoJvitariiiifBii * if huniliiiUF \ve?^tto 

- vitfitmirf- Bii-'*fe a' greateV iStent^ tluin^t'^'eo] vitamin BiiJ ^ it fe^ ' 
possible.tliat'tiic increased absoiption above 320 nm noted for 
the;human IF^-vi&min Bii^cffmpk^^ In order to 

:cvaluate^ a jyo^feiblte^Lsotop^i dffect;a sdutlbn^ofbuf^e^ con twining?- 
huMan^lF' devoid df-vtomin BJ:i vTis iitpated Vvith^ a^dditions ofr*^ 
nbiiradiodctlv^^vitarhih Bjj^^ 

■ciieases in^bsorptlbn 'at '361^iin* were^^mpared* withv^the' incre-^t 
mental increasns observed when a solution of buffer alohe^was 
titrated with the same solution of vitamin Bk. The ix^sults of 
this experiment are presented in Fig. 8 and demonstrate tliat the 
increase in absorption at 361 nm is approximately 32% grmter 



vitamin Bia is ad#d#S|^Ul^)3^ 
'^limu when vitamin Bu is aidiiefj & that 
tiiis 32% greater absorption is dbsen^ed only up to the jToint. 
' where human IF would be expected to be iMitura ted with' vi 
mill Bis indicates that the 32% greatei'. absorption is due to the 
binding of vitamin B12 by human IFi The result? obtein>d in 
this exiierinient demoiistrate tliaithe absorption of the human* 
IF-vitamii» B 12 complex at 361 «m is different from the sum of 
the absorption, of its two components and that this difference is 
not due to an isotope effect. 

' . :i 'Is " DISCUSSION/- ,^ /■ -vr 

Affinity' Vlimmatography on < yitanun^ Bi2-Sepharose has; eii-, 
abled us to isolate human IF in high yield. (85%) from/jlooled 
gastric juic(» that was collected in. a maiiiier; such thflCt;coiitanii- 
nation with other vitainin Bis-binding proteins was iriiniiiiized. 
The final' preparation; of human'-'lF appears; homogeneous^ by 
sedimentation equilibrium ultraeentrifugatioii .and>i byZ-pbly- 
Mcrylainide gel electrophoresis in the presence and absence of 
sodium dodecyl sulfate. A high degree of homogeneity is also 
suggesn»d by the studies employing anti-IF.antibody and pseudo- 
vitamhi B12, by the fact that a' single peak of vitamiii Bia- 
binding ai^tivity was observed on. Spphadcx^ G-15p .ehronmto^ 
•raphy, and iinahyi the fact that<20 jitg qrisolatedLpwieir^iy^^^ 

- able to. correct vitamin Bis malabsprpti6ii,.in a patient;:^ with . 

' pernicious anemia. ' / . . ' ' 

. The ii^adyravhilabiUty of niiUigVam aniouhti? of hb^^ 
human IF has enabled us to elucidatjB a number 'of its. physical 

: properUes;.and ail6w.** for ne\<' vexperiiiients ta elu 
mechanism by wliich this protein facilitiittes vkiamin B 12 absorp- 
tion 4n' the terminal ileum. Recent experimeiits^indicat^ that 
bur final preparation of human IF . does facilitate vitamin B15 

r binduig to lwmogenates of guinea pig and human distal ileum. , 
This* obi^ervation, together with the fact that 20 of isolated 
protein promote vitamin Bi-. absforption in nvo^ also demon- 
.strates that our final preparation ;of human IF retains its) func- 
tional abihty as well as its ability to bind vitamin B12; 

Gi*asbeck €t al. (9) have isolated and studied human IF as its 
vitamin Jiij complex. Using ion exchange chroma togmphy, 
they .were able to separate human^lF into two fractions thai were 
designated as Fraction S and Fraction I.- Molecular weight 
values of 119,000 and 114,000 weie obtained for Fractions S and 
I, res|>ectively, using sedimentation velocity ultracentrifugation. 
The authors .suggested that Fractions »S and I both consibied of 
dimers of IF that contained 2 ^iolecules of vitamin Bis per 
dimer. Our observations sui)port this suggestion, fjince we-have 
demonstrated that the 44,0(M) to 48,000 molecular , weight hiono- 

^meric form of human IF can ,iform higher molecular >veight 
oligomers in the presence of vitamin B 12. We have no djeifinite 
explanatioiv for the fact, that Gra-sbeckV isobited fi-actions ap- 
peared to consist exclusively of dimers except that human IF 
dimers may be very stable once .tormed and thus IF monomers 
and other higher molecular weight oligomers may have heew . 
lost during purification. This apj^ears possible since the final 
recovers- of IF by Grasbeck et a/>was in the range of 10 tp 20% 
of the starting material. ' • ^ 

All of our studies indicate that^ oligomer formation by human 
IF occurs only in the presence of vitamin/Bit and the studies 
employing polyacrylamide disc gel electrophoresis indicate that 

* Unpublished experiments performed in collaboration with 
Mr. David Hooper and Dr. David Alpers of Washington Univer- 
sity School of Medicine. 



significant oligomer formation (Joes ^ot occiir rapidly » ??c. 
within minutes, aft^r the addition of yitamin Bu. Ilje 
that multiple discrete peaks of humari IF-v|t^min.B« weiR? vbjt>^-^^^^ 
served duniig; gel. filtration aJeo. pugges^iiJijE^ 
and oligohieric foirms of this protein are not in rapid equiU^briiirji; ^ ' 
i^lth each other. We have not ^pbsiirved complete (»nv^i^ion.Qf 
human IF mpnpmers to, oligomers ii), any of our fitqdi^,^.apd^^|^ 
important to note that we have not demonstfated that.thisvi8 ducJ ^ " 
to, a slow , equilibrium betweei 1 monqniers and • oligomersu , . 
alteniative explanation for our failure to observe complete coirt- 
version of monomers to oligomers could be that human IF is 
micrpheterogeneous, as has been noted by Grasbeck ,(42), and 
that only certain forms are capable of forming oligomers. Ojtgo- 
mer^fOrmatioii is obviously a complex process;* ai id dddi tioiial 
expferiments will be required to fully^ elucidate this phi^nomenoh 
as* well as. to determine whether it is of any physiological stghifi- 

cahce.-.. : : . - ■ ''^^ ■ -'-v; V**''^ *:*'^^\* 

. .Several inyestigators, (43, 44); have determin^ the vitariiln , 
B 12 content of purified *Vitainiii:Biaibinding protein.s.*by .piea6urr 
ing the peak absorbance in the 361 nm region and then calculat- 
ing the vitamin B12 content using the 361 um extinction coefli- 
ciei it for unbound vitamin B 12. Such determinations - assume 
that the absolute absorbance of vitamin: Bis is unchangai whAi^ • 
it is abound ,tp (protein. Our studies ; of ;hu man- 1 F^; human trans- 
* cobalamin n ^(15)/ the human g^^iufofeyte vitamin Birbiiidiiife 
prbtdin '(14)v and hog jgasti ie .vitamin Bia-binding prciteiiis' (35)*' : 
indicate that such an assumption ! would be unwarranted In 
ever>i case'ahd would result in falsely . elevated values for vitarilrin ■ 
B12 content. ^Thejmagnitude of the 'possible eriro^ • 
tlus t>T)e of assumption is illustrated* by the fapt that tiie vitairnin • 
B12 content of our purified humair IF would have been overstated 
by 39%^if determined asdeseribed above^ rather than by measur-- 
iiig the content of (^^Co)vitatiiiirBi2 bf kh6wh,specific.'a s 
Imnfiunologic studies (45, 46) using crude of partially purified 
protein pi-epanitions have su^ested that the* vitamiiv Birbiiid- 
ing* proteins found in various human Iwidy-flii ids can be divided , 
into^ three distinct entities consi.Htin'g of IF, trans'colKdamin It; 
and the R type group of proteins to which the human granulo- 
cyte vitamin lijs-binding protein belongs.* We have now iso- 
lated each of the three proteins, mentioned above using aflfinity 
chromatography Pn vitaminMVirSephaTOse; and.the:differ€nces» 
thait we haVc observed in the pr6i>ef ties of theie ^proteins arie 
consistent with their immunologic diflt^rences. Tmnscobalamin • 
II (15) :is^'the mo.st distujct of the three proteins based on its ' 
amino acid- composition,' lack of any ^carbohydrftte residues, and 
the fact that* It aloiie is comi>osed of '2 nonideiitical subiinits. . 
Human IF and the- humane granulocyte vvitamin Bis-bindi ' 
protein- (14) have' somewhat similar dhiino >acid * compositions;^ > 
contain the same type of carboliydHite residues/ and appear to! 
be composed 'ofi^single polypeptide chains. These ? latter : two 
proteins 'do -differ, however, < in thar' content of certain amino- 
acids aiid - cafbohydrate.<t, tand this ' fact, together with their- 
differences^ in molecular weigh t-and' s^iectral ' properties, estab- 
lishes, that -these two proteins are also distinct entities. 

.4cfrri6«i/ea^6Vi/fi^The *auth6^^ to tliank Dr. -Phillip W: 
^lajeruk fPr- hi^* 'advice land sup|K)k during the course of this 
work: We'klsd' thaiik Jacques- ^Baeiiziger for liis ^assis^antfe in 
performing the bai-bohydi-a te iiSisays usmg- ^-Kquid chromatog- 
raphy, Dr. David Ali>ers for his assistance in obtaining gastric 
juice, Carmelita Lowr>' for her assistance in performing the 
ultracentrifuge .studies, and Dr. Joseph Pfiffner for his generoup 
gift of pseudo-vitamin H12. 
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